Bahr Youssef (B.Y) is a semi-natural branch canal connecting the River Nile with Fayoum depression, in the desert immediately to the west of the Nile Valley, about 92 kilometers southwest of Cairo, for irrigation purposes of El-Minya, El-Fayoum, Bani-Swif, and Giza governorates. The area served by Bahr Youssef reaches about 850.000 feds in the Middle Egypt, out of 1.650.000 feds served by the Ibrahimeya carrier canal, which branches from the River Nile's at Assiut barrage, and extends northward for 55 kilometers, until Dayrut city. In Dayrut; "Ibrahimeya" canal bifurcates into seven carrier canals, (Bahr Youssef is one of them,) through Dayrut Group of regulators. Bahr Youssef suffers from, meandering phenomenon, in many reaches, occurred with all its harmful and destructive effects. As meanders are the direct result of erosion-deposition processes occur in such flatty reaches with hydraulically unstable sections, our effort here is directed for studying the existing geometric, and hydraulic conditions of some representative reaches of Bahr Youssef, to evaluate the size of the problem through intensive field measurements, and to verify the available predicting techniques and theories by comparison with the obtained measured values. Introducing an acceptable, effective and easy method, which can be used for an accurate estimation of the meandering phenomenon, is the main objective of this study.This was achieved through reviewing and assessment of the available predicting techniques, and evaluating their liability, validity, and suitability through the comparison with the field collected measurements.
INTRODUCTION
Rivers, and alluvial stream, not only carry water, but also carry deposits resulted from the erosion process in the bed and sides. Many hydraulic parameters affect such process, including: soil type of bed and sides, discharge, stream velocity, section geometry, vegetation, and water constructions. Such parameters (or some of them) cause many changes in the flow pattern along the stream way and the transverse direction. The meandering phenomenon is the most popular change in which sediment is continuously transported by the scour and deposition action. Scour usually takes place on the outer banks of the stream bends, while deposition occurs on the inner banks. This mode of sediment transport was tested experimentally and documented by Friedkin (1945) . Also geological explanations were given by Klein (1980 Klein ( , 1988 after Allen (1965) and Cotter (1978) who had compiled some ancient stream meandering examples, while others have described independently of those compilations.
The detailed description of the study reach of Bahr Youssef showed moderate to high "sinuosity'', as the stream travels 21 km along its centerline through only 11 km of the meander belt along the valley. Such bends are continuously changing under the incessant action of scouring, silting, and sediment transport from one side to the other. That's why the stream way is hydraulically instable, and its sides are vulnerable to failure due to degradation, or suffering from severe silting. This way, the navigable pass through such streams became unsafe, and the navigation traffic may be completely clogged. Figures 1 and 2 show examples for Bahr Youssef Meandering reaches. 
MATERIALS AND METHODS
Meanders are the result of erosion-deposition processes which occurred in river bends. Because of centrifugal force caused by the bend, spiral flow motion produces high velocities that act in the outward direction at the outer curve of the bend, and low velocities that act in the inward direction. Due to the generated current components, bed scouring and bank erosion are developed in the outer side, and sediment deposit near the bend interior. Migration of bed material and deposition affects sediment movement, and endangers streams banks and cross sections stability. This may extend to obstruct the operation of navigational facilities and hydraulic structures such as gates, locks, and intakes. Likely; Bahr Youssef suffers from section instability due to several reasons that reduce the section conveyance capacity, impact negatively on the waterway regularity, and endangers bank stability. The main syndromes of meandering problem comprise embankment erosion, bank failure, and irregularity of cross section due to scour and sedimentation as shown in figure 2.
Bahr Yousef is considered one of the most unstable semi-natural streams in the region. It required an average investment of 10 million L.E to reshape and excavate only 11 km of its length between 2010 and 2012, with a sediment quantity of 850,000 m 3 was targeted to be removed. It worth to mention that the final cost evaluation was 9,210,000 L.E, and it may be duplicated now due to inflation rates, if the stream required reshaping due to sedimentation.
This research concerns the prediction of an effective method that may enable accurate estimation of the meandering "Geometrical Parameters", through the review and assessment of the
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Deposition at the inner curve Scouring at the outer curve available predicting techniques. Evaluation of each predictor would check its liability, validity, and suitability through the established comparison with the collected data from field measurements.
Background and Phenomenon Review: 3.1 Planimetric characteristics of river meandering
The geometry of meander curves was specified by many researchers like Jefferson (1902) , Inglis (1937; 1949) , Bates (1939) , and Leopold and Wolman (1957) . Meander geometry and characterization was defined by Leopold and Wolman (Figure 3) . The basic meander geometrical characteristics are also defined by Bridge (2003) as shown in figure 4 . Bridge (2003) In general, meandering features were defined by Hemdan (2016) and others as:  Meander wavelength (Lm): is the distance between two similar cross over points along the channel between which waveform is complete.  Arc angle (ɵ): the angle swept out by the radius at two adjacent inflection points.  Bend width (amplitude; Wb): the perpendicular distance measured to the straight line axis.  Radius of curvature (Rc): The regular sinusoidal curves formed by rivers.
 Sinuosity (K): the ratio of channel length along the centerline to the length of the valley measured along the center of the meander belt.  Meander arc length: the distance along the meander path between (inflection) points.  Bankfull width or channel width (B)  Lb is the channel length along the centerline of the channel Meandering features are presented in figures 3, and 4.
Flow characteristics within a meander bend
Measurements in meandering streams or curved flumes allow the construction of a generalized picture of the flow pattern in a meander (Mockmore, 1944) (Figure 5 ). As would be expected, velocity in a meander boundary is not distributed symmetrically; preceding downstream along the bend axis; the strand of maximum velocity is much closer to the concave bank than in the channel center. Then, the high velocity strand, continues to hug this side through the point of inflection of the curve. At the crossover or point of inflection of the bend ( Figure 5 , section 1), the cross-sectional shape is not completely symmetrical, but is slightly deeper near the bank which was concave in the bend immediately upstream. Downstream from the crossover; the section (2) becomes approximately symmetrical, but, because this section is in the bend, some cross current component occurs in accordance with the curving streamlines. Downstream from this symmetrical cross section; the maximum velocity approaches the concave bank. 
Velocity distribution and secondary currents in curved channels
According to Quick (1974) , the meander mechanism is basically a fluid mechanics problem in which virtuosity plays the leading role. Flow in a meander bend has been studied in detail by Rozovskii (1957) , Yen (1972) and others. Secondary currents represent the circulation of fluids around the axis of the primary flow. Helical flow consists of spiral motion superimposed on the primary flow. It has long been recognized that periodically reversing helical motion is fundamental characteristic of flow in meandering rivers. The velocity and the phase shift angle of the secondary current plays a critical role in determining the meander pattern and stability of a river channel. The water flows faster in an outer curve because of the centrifugal force, while it flows slowly in the inner curve near the bend inside ( Figure 6 ).
Figure 6. Velocity distribution of secondary currents in curved channels
3.4 Shear stress in a meander and its effect on deposition and erosion processes Ippen et al. (1962) , Hooke (1975) , Varshney and Garde (1975) measured the boundary shear stress using surface Pitottube. Preston (1954) , Hooke (1975) , and Knighton, (1998) pointed out that erosion or deposition can occur anywhere on the bed, depending on the ability of the local characteristics of the flow to transport more or less bed material than is supplied. Near the inner bank, for example, where the bed shear stress is high, deposition can occur and the point bar grows because the bed-load transport rate is also large-larger than the capability of the high shear stress shown in figure (7). ` Figure 7 . Maximum shear stress applied by Knighton (1998) 
Review of Meander Geometry Relationships:
A comprehensive survey of the relationships between the dominant parameters involved in the meandering phenomena was achieved as shown below. Also field investigations and measurements were conducted on these parameters as shown later.
Relation between the radius of curvature (Rc), meander wavelength (Lm), sinuosity (K), and bend-width (Wb):
According to Julien (1985) , the curvature radius varies along the bend and he derived the following relationship:
(1)
Where, , S, and m are curvature radius, sinuosity, and arc angle respectively. Langbein and Leopold (1966) studied the sine-generated curve shown in figure10. They showed that the angular direction of the channel at any point of mean down-valley direction is a sine function of the distance measured along the channel; this function is represented by eq.2.
(2) Where, ω is the maximum angle of deviation (i.e., maximum value of θ) S is distance along the path M is the total path distance in a unit wavelength
Relation between meander wavelength (Lm), and channel width (B):
The following equations relate meander features by channel size,which is proposed by other authors for meander wavelength versus channel width, both in meters:
Author Equation Leopold and Wolman (1960) L m = 11.0B 
Relation between bend-width (Wb), and channel width (B):
The following equations relate meander features by channel size, proposed by Julien (2002) and Leopold and Wolman (1957) ,given by equations 9 and 10, for bend-width versus channel width, Wb = 4.5 B The following equations (11, 12) relatethecurvature radius to channel width, based on 50 points on BeattonRiver, as proposed by Edward J. Hickin (1974) as: R c = 2.1 B (11) and that proposed by Leopold and Wolman (1957) 
RESULTS AND ANALYSIS
In order to characterize meandering of Bahr Youssef, and to evaluate the impact of the dominant involved parameter on the phenomenon; the following assessments had been adopted. On the basis of the main trends in section geometry parameters and propagation scenarios on the representative reach; the meandering size was assessed, parameters' impact was evaluated, and its development was interpolated. In addition, a general characteristic meandering formula was needed to present the entire process on Bahr Youssef. Therefore; a special meandering empirical equation was driven by regression analysis using a Multidimensional regression model (DataFit).
Data sources of meander features of Bahr Youssef
Bahr Youssefmeander features were measured from the field or obtained from topographic maps, according to the common meander definitions specified by the previous investigators (Figures 4 and 5) . Observations included thirty four curves along a 68.0 km reach, and comprised features like: curvature angle (degree), observedradius Rc, (m), observed bends width; Wb (m), channel width; B (m), and meander length Lm (m).
Evaluation of Bahr Youssef meandering: a) Meander wavelength (Lm):
A comparison was held between the observed and predicted meander wave-length by applying "Leopold, Zeller, Yalin, and Richards" relations;VS channel width (Figure 11 ). Observations of meander length Lm had shown diversion and scattering around the predicted relationsby Leopold, Zeller, Richards, and Yalin's. Thus, the Bahr Youssef meander length has no correlation (or association) with the stream width, under neither linear nor least square regression. This classifies Bahr Ussef as "Single Phase Equiwidth Channel" according to "Brice Modified Meandering Classification" (Thorne 1997 after Brice 1975 .
b) Comparison between observed and predicted meander wavelength (Lm):
Meander length "Lm" was predicted, according to Leopold and Julien as presented in table (2). Then "Lm" according to Leopold and Julien was plotted, with the observed lengths, against the observed radius as shown in figure 12 . Meander radius (Table 2 ) due to Leopold was plotted against the observed channel width, then compared with the observed radius as shown in figure 13 . The relation between Rc and Bis low correlated (no significant association), and the predicted empirical formdivertsfrom Leopold' (Table 2) were plotted. The points correlated about the trend line, this degree of agreement would be probably satisfactory by most observers S sinuosity categroy for the thirty four curves of B.Y. according to Dey (2014) is highlighted in Table ( 2). Classification of channel pattern contains platform geometry considerations such as; straight, meandering, or braided channels. According to "Geomorphic Classification of Rivers" by JM Buffington, and Montgomery (2013) , after Rosgen (1994 Rosgen ( , 1996 , and regarding the average value of sinuosity (kavr. = 1.54); Bahr Yousef could be considered ofhigh sinuousity. Reviewing the above bends specifically, it could be classified according to Dey (2014) , 7, 8, 11, 13, 15, 16, 17, 20, 23, 24, 25, and 31, as1 .25 ≤ K <1.50,  Meandered reaches: for K ranges from 1.5 to 2; as curves number: 2, 3,9, 19, 32, and 34,  High Meandering is considered when K > 2; as for curves, number: 5, 10, 12, 14, 18, 28, and 29 . e) Obtained relationship; meander radius;Rcmeander length; Lm, and sinuosity; K:
Field investigations and measurements enabled plentiful data on the meandering dominant parameters. As mostly all the available empirical formulae were predicted or examined at different natural streams elsewhere; a special "tailored" formula was to best fit Bahr Youssef than others. For this, a special program for data fitting [DataFit 7x], was used to relate the involved parameters into a general relationship. DataFit as a science and engineering tool simplifies the tasks of data plotting, regression analysis (curve fitting) and statistical analysis. It also enables Multi Dimensional regression, and can solve regression models with up to 20 independent variables, fornumerious"two-dimensional" and "three-dimensional" nonlinear regression models. Thus, fitting related meander radius (R; plotted on Z-axis), meander length (Lm; plotted on Y-axis) and sinuosity (K; plotted on x-axis) to the best-fit equation by "DataFit" program as shown in figure 15 . 5-Using "DataFit" program to evaluate records obtained from field investigations; an empirical relationship that relates mostly the entire involved geometrical parameters in meandering could be expressed as:
As being the best fitting empirical formula; it characterizes Bahr Youssef meandering phenomena with a determination coefficient (R 2 ) of 0.83, and a probability exceeding 98%.
